The new rare-earth fluoride borates RE 2 (BO 3 )F 3 (RE = Tb, Dy, Ho) were synthesized under highpressure/high-temperature conditions of 1.5 GPa/1200 • C for Tb 2 (BO 3 )F 3 and 3.0 GPa/900 • C for Dy 2 (BO 3 )F 3 and Ho 2 (BO 3 )F 3 in a Walker-type multianvil apparatus from the corresponding rareearth sesquioxides, rare-earth fluorides, and boron oxide. The single-crystal structure determinations revealed that the new compounds are isotypic to the known rare-earth fluoride borate Gd 2 (BO 3 ) 
Introduction
In 1998, Corbel et al. synthesized the first rare-earth fluoride borates RE 3 (BO 3 ) 2 F 3 (RE = Sm, Eu, Gd) [1] . These flux-supported solid-state syntheses led solely to a powder sample with low crystallinity. Therefore, Corbel et al. presented an ab initio structure determination of Gd 3 (BO 3 ) 2 F 3 based on powder X-ray diffraction data. Due to the weak scattering factor of boron, it was impossible to refine the boron atoms. Later work by Antic-Fidancev et al. led to the assumption of a disorder in the crystal structure [2] . The reason for this assumption was the observation of extremly broadened bands during luminescence measurements of the isotypic compound Eu 3 (BO 3 ) 2 F 3 . Out of this observation, Antic-Fidancev et al. postulated a disorder model in which three fluoride anions were replaced by a [BO 3 ] 3− group, and so the formula changed to Eu 3 F 3−3x (BO 3 ) 2+x with a small value for x. However, the authors could not explain how this exchange could be realized without any major effects to the crystal structure. A reliable way of substituting a [BO 3 ] 3− group against three fluoride anions was recently described by Rashchenko et al. [3] . In 2002, Müller-Bunz et al. tried to reproduce the synthesis of Gd 3 (BO 3 ) 2 F 3 without success. All their attempts led to the rareearth fluoride borate Gd 2 (BO 3 )F 3 [4] , which is structurally related. Müller-Bunz et al. yielded single crystals with sufficient quality for a single-crystal structure determination. For the compound Gd 2 (BO 3 )F 3 , an anionic disorder evoked by two possible positions of one boron atom between the RE-O/F polyhedra was proposed, leading to a [BO 3 ] 3− or a [BO 2 F] 2− group. The close relationship of the crystal structures of Gd 2 (BO 3 )F 3 and Gd 3 (BO 3 ) 2 F 3 suggested the possibility of a similar disorder in the rare-earth fluoride borates RE 3 (BO 3 ) 2 F 3 (RE = Sm, Eu, Gd) [1] . In the past years, our group described a further related structure type for the compounds RE 5 (BO 3 ) 2 F 9 (RE = Tb, Ho, Er, Tm, Yb) using the multi-anvil high-pressure/high-temperature technique [5 -8] . In the following, we describe the syntheses and the single-crystal structure determinations of RE 2 (BO 3 )F 3 (RE = Tb, Dy, Ho) and compare the new compounds to the isotypic phase Gd 2 (BO 3 )F 3 .
Experimental Section

Syntheses
The syntheses of the compounds RE 2 (BO 3 )F 3 (RE = Tb, Dy, Ho) took place under high-pressure/high-temperature conditions. The synthesis of Tb 2 (BO 3 )F 3 was carried out at 1.5 GPa and 1200 • C, while the isotypic compounds Dy 2 (BO 3 )F 3 and Ho 2 (BO 3 )F 3 were obtained at 3.0 GPa and 900 • C. Depending on the rare-earth fluoride borate, stoichiometric mixtures of rare-earth sesquioxides (Strem Chemicals, 99.9 %), B 2 O 3 (Strem Chemicals, 99.9+ %), and the rare-earth(III) fluorides (Strem Chemicals, 99.9 %) with a molar ratio of 1 : 1 : 2 were finely ground and filled into boron nitride crucibles (Henze BNP GmbH, HeBoSint ® S100, Kempten, Germany). These crucibles were placed into the center of an 18/11-assembly. All working steps were done inside of a glove box. The assemblies were compressed by eight tungsten carbide cubes (TSM-10 Ceratizit, Reutte, Austria). To apply the pressure, a 1000 t multianvil press with a Walker-type module (both devices from the company Voggenreiter, Mainleus, Germany) was used. The assembly and its preparation are described in refs. [9 -13] . For the synthesis of Tb 2 (BO 3 )F 3 , the 18/11 assembly was compressed up to 1.5 GPa in 50 min, then heated to 1200 • C (cylindrical graphite furnace) within 10 min, kept there for 15 min, and cooled down to 450 • C in 25 min at constant pressure. Dy 2 (BO 3 )F 3 and Ho 2 (BO 3 )F 3 were synthesized by compressing the 18/11-assembly up to 3.0 GPa in 80 min and heated to 900 • C (cylindrical graphite furnace) in the following 15 min, kept there for 20 min, and cooled down to 700 • C in 20 min at constant pressure. After natural cooling down to room temperature by switching off the heating, decompression periods of 2 h for Tb 2 (BO 3 )F 3 , and 4.5 h for Dy 2 (BO 3 )F 3 and Ho 2 (BO 3 )F 3 were required. The recovered octahedral pressure media (MgO, Ceramic Substrates & Components Ltd., Newport, Isle of Wight, UK) were broken apart and the samples carefully separated from the surrounding graphite and boron nitride. While Tb 2 (BO 3 )F 3 and Dy 2 (BO 3 )F 3 were found in form of colorless, air-stable crystals, the compound Ho 2 (BO 3 )F 3 showed an intense alexandrite effect (daylight: yellow, incandescent light: pink).
All efforts to synthesize the new rare-earth fluoride borates RE 2 (BO 3 )F 3 (RE = Tb, Dy, Ho) under ambient pressure conditions were unsuccessful. The high-temperature syntheses were performed in boron nitride crucibles placed into silica glass tubes. These assemblies were heated under ambient pressure conditions in a tube furnace from the company Carbolite.
Crystal structure analyses
The isotypic compounds RE 2 (BO 3 )F 3 (RE = Tb, Dy, Ho) were identified by powder X-ray diffraction on flat samples of the reaction products using a Stoe Stadi P powder diffractometer with MoK α 1 radiation (transmission geometry, Ge monochromator, λ = 70.93 pm). The powder diffraction patterns showed reflections of the new rare-earth fluoride borates RE 2 (BO 3 )F 3 (RE = Tb, Dy, Ho) and in all cases reflections of a side product. While the side products of the syntheses with dysprosium oxide and holmium oxide were identified by reflection patterns of the compounds RE 5 (BO 3 ) 2 F 9 (RE = Dy, Ho) [5 -8] , the respective diffraction pattern of Tb 5 (BO 3 ) 2 F 9 showed a still unknown side product. Theoretical powder patterns were simulated from the single-crystal data matching well with the experimental powder patterns. Small single crystals of RE 2 (BO 3 )F 3 (RE = Tb, Dy, Ho) were isolated by mechanical fragmentation. The single-crystal intensity data were collected at room temperature using a Nonius Kappa-CCD diffractometer with graphite-monochromatized MoK α radiation (λ = 71.073 pm). A semiempirical absorption correction based on equivalent and redundant intensities (SCALEPACK [14] ) was applied to the intensity data. All relevant details of the data collection and evaluation for RE 2 (BO 3 )F 3 (RE = Tb, Dy, Ho) are listed in Table 1 . According to the systematic extinctions, the monoclinic space group P2 1 /c was derived for the three isotypic compounds. Due to the fact that the compounds RE 2 (BO 3 )F 3 (RE = Tb, Dy, Ho) are isotypic to Gd 2 (BO 3 )F 3 [4] , the structural refinement was performed using the positional parameters of Gd 2 (BO 3 )F 3 as starting values (SHELXL-97 [15, 16] (full-matrix least-squares on F 2 )). All rare-earth atoms and most of the anions were refined with anisotropic displacement parameters. For one [BO 3 ] 3− group and the corresponding fluoride anion, we found split positions. Due to the split positions, it was not possible to calculate the anisotropic displacement parameters for all atoms. The final difference Fourier syntheses did not reveal any significant peaks in all refinements. Tables 2 -11 
Results and Discussion
Crystal structures of RE 2 (BO 3 )F 3 (RE = Tb, Dy, Ho)
The new isotypic rare-earth fluoride borates RE 2 (BO 3 )F 3 (RE = Tb, Dy, Ho) crystallize in the monoclinic space group P2 1 /c with eight formula units per cell. The lattice parameters are listed in Table 1. Fig. 1 gives a view of the crystal structure of RE 2 (BO 3 )F 3 (RE = Tb, Dy, Ho) along the b axis built up of isolated trigonal [BO 3 ] 3− groups, fluoride anions, and four crystallographically different nine-fold coordinated rare-earth cations. The structure can be described by alternating layers of the formal compositions "REBO 3 " and "REF 3 [5 -8] are formed. The positional parameters, anisotropic displacement parameters, interatomic distances, and the oxygen-boron-oxygen angles are listed in Tables 2-11 . For more information on the main structure, the reader is referred to the detailed description of the isotypic compound Gd 2 (BO 3 )F 3 [4] and the related structures RE 3 (BO 3 ) 2 F 3 (RE = Sm, Eu, Gd, Dy) [1, 2, 17] and RE 5 (BO 3 ) 2 F 9 (RE = Dy-Yb) [5 -8] . In this paper, we took a closer look at the disorder in the crystal structure, and we briefly compare the isotypic phases RE 2 (BO 3 )F 3 (RE = Gd, Tb, Dy, Ho). Fig. 2 shows the disorder of one borate and a fluoride anion. In addition to the disorder model of Table 9 . Interatomic distances (pm) in Dy 2 (BO 3 )F 3 (space group: P2 1 /c) calculated with the single-crystal lattice parameters (standard deviations in parentheses). The site occupancy factor for the atoms B2, O4 and F2 has a value of 0.65(2), for the atoms B3, O7 and F7 a value of 0.35(2). Bonds to disordered oxygen or fluorine atoms are written in italics. (Fig. 2) . This leads to the formation of the trigonal group B2 with the oxygen atoms O4/O5/O6 and the fluoride anion F2 or to the trigonal group B3 with the oxygen atoms O7/O5/O6 and the fluoride anion F7. This flip of the [BO 3 ] 3− group is possible because the [BO 3 ] 3− group has two almost identically options in the gap between the rare-earth oxygen/fluorine polyhedra (see Fig. 3 ). The ratio of B2/O4/F2 : B3/O7/F7 is nearly the same in all compounds resulting in values of 0.67 (2) For comparison 3 . These values are much larger than normally accepted for boron oxygen distances in trigonalplanar BO 3 groups, which results from the described disorder, for which an anisotropic refinement of the atoms O4, O7, F2, and F7 of the disordered groups is impossible. Fig. 4 shows the deviation of the lattice parameters of the isotypic compounds RE 2 (BO 3 )F 3 (RE = Tb, Dy, Ho) relative to Gd 2 (BO 3 )F 3 [4] . Due to the fact that the size difference is marginal, no greater deviation of the bond lengths and angles are observed. A closer look at the lattice parameters a, b, and c reveals the anisotropy of the structure. The lattice parameters b shrink more than the lattice parameters a and c. This behavior was also observed in the related compounds RE 5 (BO 3 ) 2 F 9 (RE = Dy-Yb) [5 -8] . Table 13 shows the comparison of the synthetic conditions of the related compounds RE 3 (BO 3 ) 2 F 3 (RE = Sm, Eu, Gd, Dy), RE 2 (BO 3 )F 3 (RE = Gd, Tb, Dy, Ho), and RE 5 (BO 3 ) 2 F 9 (RE = Dy-Yb). Interestingly, the necessary pressure conditions correlate with the atomic number of the rare-earth cation. Smaller cations require higher pressures. Furthermore, the formal adding of a "REF 3 " layers is preferred under highpressure conditions.
Conclusions
With the syntheses of the new rare-earth fluoride borates RE 2 
